A high-oleic-acid peanut breeding line was used in a study designed to determine the effects of feeding swine diets containing elevated levels of monounsaturated fatty acids as a means to increase the level of monounsaturates and total unsaturates in the resulting carcass fat. Forty eight pigs were allotted to four treatments that consisted of corn-soybean meal diets that contained 11 high-oleic peanuts (HOP), 2) regular commercial peanuts (RPI, or 3) canola oil (CO), each added at a dietary level to provide 10% added fat/oil, and 4) a control diet with no added fat/oil. The oil of HOP averaged 75% oleic acid vs 60% for CO and 53% for RP. The pigs were fed the experimental diets from 33 to 102 kg BW, after which all pigs were slaughtered. All three dietary oil sources resulted in increases (P < .O11 of monounsaturates in the backfat; the HOP diet resulted in the greatest increase (32% greater than control). Both CO and RP increased (P < .01) the level of polyunsaturates by nearly twofold; HOP resulted in a small decrease. Total unsaturates increased (P < ,011 by 24,24, and 27% for HOP, RP, and CO treatments, respectively, over that obtained from the control treatment. Carcass fat was softer/oilier (P < .05) from pigs fed CO and RP diets, but not from those fed HOP diets, compared with carcass fat of pigs fed the control diet. Dietary fat/oil source had no effect (P > .05) on other carcass compositional traits and various meat quality attributes. Dietary fat/oil source also had no effect (P > .051 on taste panel evaluations of broiled loin chops and fried bacon; however, a high incidence of off-flavor was noted for bacon from pigs fed CO and to a lesser extent from pigs fed RP, but not from HOP or control pigs. The HOP increased the level of unsaturates in pork fat and there were essentially no detrimental effects on carcass and meat quality characteristics.
Introduction
The level of saturated fat in pork fat can be readily reduced by the inclusion of an unsaturated fat source in the pig's diet. Much of the previous ' research with pork fat modification used diets containing fat sources high in polyunsaturated fatty acids Wahlstrom et al., 1971 ; Skelley et al., 1975 ; Hartman et al., 1985) . There has been a n increased interest in the use of vegetable oils high in monounsaturated fatty acids, such as canola oil, in swine diets (St. John et al., 1987 ; Rhee et al., 198Ba; Miller et al., 1990 ; Myer et al., 1992) . This interest is due to the favorable publicity that monounsaturated fats have received in regard to human health (Mattson and Grundy, 1985 ; Grundy, 1986) . Although canola oil (CO) is a good source of monounsaturated fatty acids, it also contains a relatively high level of polyunsaturated fatty FEEDING HIGH-OLEIC PEANUT OIL TO SWINE 3735 acids, in particular linolenic acid. These polyunsaturated fatty acids have been implicated as the cause of off-flavors reported for cooked pork products from CO-fed pigs (Rhee et al., 1988a,b; Miller et al., 1990; Shackelford et al., 1990a,b) . Vegetable oils higher than CO in monounsaturated fatty acids and lower in polyunsaturated fatty acids, such as high-oleic sunflower oil, are now available. Use of these oils in pork fat modification studies has been encouraging (Miller et al., 1990;   Shackelford et al., 1990a,b; Ziprin et al., 1990) . These high-oleic vegetable oils, however, still contain 8 to 15% polyunsaturated fatty acids.
Another potential high-oleic vegetable oil is that derived from a line of high-oleic-acid peanuts (HOP). The oil in these peanuts has been found to contain a very high level of monounsaturated fatty acids, mainly oleic acid, and a very low level of polyunsaturated fatty acids (Norden et al., 1987) . The objective of this study was to determine the effects of adding HOP, commercial (regular) peanuts (RP), or CO to growingfinishing swine diets, to provide 10% added fat/oil, on resulting carcass and meat quality characteristics and carcass fat firmness and fatty acid profile.
Materials and Methods
High-oleic-acid peanuts were used as the source of oil instead of the extracted oil. This peanut type is in early development and limited quantities were available, not enough for extraction at a commercial facility. For comparison, a commercially available variety of peanuts was also used in a similar manner in a separate treatment.
The feeding trial was conducted at the Marianna North Florida Research and Education Center Swine Unit, located in northwest Florida. Forty eight crossbred pigs with an average initial weight of 33 kg were divided among four dietary treatments. The treatments were corn-soybean mealbased diets that contained HOP, RP, or CO, each to provide 10% added fat/oil, and diets that contained no added fat/oil (control).
Pigs were assigned by sex and initial weight into pens of four pigs each, and each pen was assigned at random to one of the above four dietary treatments within each of three replicates. Pigs were fed grower diets (Table 1) to an average pig weight of 60 kg and then switched to finisher diets (Table 21 . Finisher diets were fed until the pigs averaged 102 kg, at which time the feeding phase ended. Diets were formulated on a constant energy (ME1:lysine ratio within the grower and finisher diet types. National Research Council (NRC, 1988) requirements were used in diet formulations. Pig weight gain and feed consumption were recorded and feed:gain ratios calculated for the growing-finishing period. Feed and water were continuously available while pigs were on experiment. Pigs were housed in a curtain-sided building in 2-m x 4.5-m pens with solid concrete floors with an open flush gutter across the rear portion of the pen (20% of floor space). The feeding trial was conducted during late spring and early summer.
The HOP used were a mixture of whole and split seed. The RP used were 'Florunner' splits. Both types of peanuts were passed through a roller mill (approximately 10 mm space between the rollers) before incorporation into the experimental diets. The CO was crude degummed oil (Canbra Foods, Lethbridge, AB, Canada) (no antioxidant added). Samples of all three were analyzed for fatty acid profile a t a commercial laboratory (WoodsonTenent Laboratories, Memphis, TN). Samples of the peanuts were also analyzed for total fat/oil content, and these levels were used in the diet formulations. The CO was also analyzed for content of moisture, insolubles, and unsaponifiables. In addition, samples of the diets were obtained and analyzed for moisture, crude protein, ether extract, crude fiber, and ash contents also at a commercial laboratory (Woodson-Tenent Laboratories, Memphis, TNI.
After the feeding phase was terminated, all pigs were trucked to the University of Florida meats laboratory in Gainesville and slaughtered for carcass evaluations. After chilling for 24 h at 0 f 2"C, each carcass was scored subjectively for fat firmness (1 to 4 scale with 1 = firm and 4 = soft, oily). Other carcass data obtained included fat depth over the loth rib, longissimus muscle area (10th rib), lean color (1 to 5 scale with 2 = pale and 3 = pink), marbling score (1 to 10 scale with 1 = devoid and 10 = abundant), and lean firmness (1 to 5 scale with 2 = firm and 3 = slightly firm) of the longissimus muscle evaluated at the exposed surface between the loth and 11th rib interface. All samples were removed at 24 h postmortem.
For fatty acid analysis, the subcutaneous fat (all layers) was removed opposite the 8th to 10th rib area, vacuum-packaged, and frozen (-20°C) for 30 d. Sample preparation and fatty acid composition analysis procedures were similar to those described by Myer et al. (1985) . Fatty acids were expressed as a percentage of the total sample.
Three boneless center loin chops were removed from one side of each carcass. One chop was used for Warner-Bratzler shear force and two chops were used for sensory evaluation. All three chops were vacuum-packaged in oxygen-impermeable bags (Cryovac B 620 [Cryovac Division, W. R. Grace, Duncan, SCI, OTR = 30 to 50 mL/23" C/m2/ 3736 MYER approximately 45 d until analyses could be conducted. A Warner-Bratzler shear device (G. R. Electric, Manhattan, KS) was used to obtain peak shear force values of longissimus from cooked loin chops. Chops were thawed 18 h in a cooler (2 i 3 O C), then broiled on Farberware Open-Hearth Broilers (Walker Kidde, Bronx, NY) to a n internal temperature of 74°C (AMSA, 1978). Internal temperatures of chops were monitored using copperconstantan thermocouples attached to a Leeds and Northrup Speedomax potentiometer (North Wales, PA). After samples were cooled to 21°C as many cores (1.27 cm diameter) as possible were removed parallel to fiber orientation and sheared perpendicular to the muscle fibers on a WarnerBratzler shearing device. Cooking losses were determined by weight differences between thawed and cooked chops.
ET AL.
Loin chops (2.54 cm) for sensory evaluation were also cooked on Farberware Open-Hearth Broilers.
Chops were turned when an internal temperature of 50' C was reached and removed from the broiler at a 74OC internal temperature. A trained (AMSA, 1978) nine-member panel evaluated samples (three 1-cm2 cubes) using 8-or 0-point descriptive scales for juiciness (8 = extremely juicy; 1 = extremely dry), flavor intensity (8 = extremely intense; 1 = extremely bland), overall tenderness (8 = e x tremely tender, 1 = extremely tough), and offflavor (0 = none detected; 1 = extreme off-flavor).
The belly was removed from one side of each animal and pumped to 12% of green weight with a solution of 2.0% NaCl, .75% sucrose, .055% sodium erythorbate, .3% sodium tripolyphosphate, and .0150% sodium nitrate. Bellies were allowed to cure for 4 h and then thermoprocessed to a n (SAS, 1985) ; the experimental unit was the individual animal except for growth and feed efficiency data, for which the pen was the experimental unit. The Waller-Duncan k-ratio test 
Results and Discussion
In comparison to RP, HOP were higher in monounsaturated fatty acids, primarily the C18: 1 fatty acid, and lower in polyunsaturated fatty acids, primarily C18:2 (Table 3 ). The levels of the other fatty acids were very similar between the two types of peanuts. Canola oil was quite high in monounsaturated fatty acids, but not as high as HOP. Unlike HOP, CO also contained an appreciable amount of polyunsaturated fatty acids, in 15%; Miller et al., 1990; .
Pigs readily consumed the peanut and CO diets. Average daily gains of pigs fed the oil-containing diets were slightly greater than those of the control pigs, and ADG of the pigs fed CO were significant (P c .05) (.93 for control vs .95, .94, and 1.00 kg/d for HOP, RP, and CO treatments, respectively). Feed:gain ratios from pigs fed either of the peanut treatments or the CO treatment were similar and averaged 12% better (P < .05) than the control pigs.
Dietary treatment was found to have no effect on longissimus muscle area, lean color or firmness, or amount of marbling (Table 4) . Backfat thickness, however, tended to be greater Lp c .lo) for pigs from any of the fat/oil treatments than for pigs fed the control diet. The slight increase in backfat was consistent with that usually observed upon the addition of fat/oil to swine diets (Stahly, 19841 . However, we and others have noted no effect on backfat thickness upon feeding CO or higholeic-acid sunflower or safflower oils (St. John et al., 1987; Miller et al., 1990; Myer et al., 1992) . Miller et al. (19901, however , did note a nonsignificant trend for increased backfat thickness for pigs fed the fat/oil-containing diets.
The lack of a n effect of additional fat/oil on marbling and lean color was in contrast to the decrease in marbling and color scores that we and others have observed from feeding diets high in unsaturated fat (St. John et al., 1987; West and Myer, 1987; Miller et al., 1990; Myer et al., 1992) . In our previous studies, however, subsequent analysis indicated that the fat content of the loins was not affected. This indicated that the marbling was present but may not have been readily visible BScores: 1 to 4; 1 = firm, 2 = slightly soft, 3 = soft, 4 = very soft, oily.
h*l-jvkMeans in the same row with a different superscript differ (P < ,011.
'*mMeans in the same row with a different superscript differ (P total fatty acids.
,051. (West and Myer, 1987; Myer et al., 1992) . The previously observed decreases in lean color scores were mostly of a small magnitude (St. John et al., 1987; West and Myer, 1987; Miller et al., 1990; Myer et al., 1992) . Carcasses from pigs fed the RP or CO diets had fat that was softer (P < .05) than that obtained from carcasses of the control pigs (Table 5 ). This finding is in agreement with other studies in which pigs were fed peanuts or CO (St. John et al., 1987; West and Myer, 1987; Miller et al., 1990; Myer et al., 1992) . The average fat firmness score of carcasses from pigs fed HOP was not significantIy different (P > .05) from that of carcasses from the control pigs. Compared with the control, each of the three dietary fat/oil sources resulted in a n increase (P < .01) in total monounsaturated fatty acids in the carcass fat; HOP resulted in the greatest increase (32% increase; Table 5 ). In regard to total polyunsaturated fatty acids, both the RP and CO fat/oil sources resulted in a n increase (P e .Ol), whereas the HOP fat/oil source resulted in an actual decrease (P e .05) compared with the control pigs.
Total saturated fatty acids decreased (P e .01) upon feeding any of the three fat/oil sources; CO resulted in the greatest decrease. Changes in the fatty acid profile noted above were reflective of the fatty acid profile of the three dietary oil sources ( Table 3) . The increases in monounsaturated and total unsaturated fatty acids noted upon feeding HOP agree with results of trials involving other high-oleic acid vegetable oils (Rhee et al., 1988a; Miller et al., 1990) . Total polyunsaturated fatty acids in these other trials, however, stayed the same or were actually increased, unlike the actual decrease we observed. This difference between trials was due to the residual level of polyunsaturated fatty acids in the high-oleic sunflower and safflower oils and the very low level of polyunsaturated fatty acids in HOP. The low level of polyunsaturated fatty acids in HOP also explains the lack of a significant effect on carcass fat firmness. Miller et al. (1990) still noted significant decreases in carcass fat firmness due to feeding diets containing 1 0 O/O high-oleic-acid sunflower or safflower oils. Total saturated fatty acid percentage of the carcass fat from the control pigs was greater than that we have previously reported with pigs fed similar diet types (50% saturated vs 40 to 42%; West and Myer, 1987; Myer et al., 1992) . This may have been due to environmental temperature during the finishing phase of our present and previous trials. Lefaucheur et al. (1991) reported that swine reared in a warm environment had a greater proportion of saturated fatty acids in the carcass fat than pigs reared in a cool environment. In the present trial the finishing phase occurred during late spring and early summer. In our previous trials, the finishing periods were during cooler periods of the year. Nevertheless, percentages of the various fatty acids of the control treatment in our present trial were within the range of values reported by Berschauer (1986) . In general, dietary treatment was found not to influence (P > ,051 sensory traits of broiled loin chops (Table 6) . Flavor, crispiness, oiliness, and saltiness of cured bacon also were found not to be affected to any degree, but the incidence of offflavors was affected (Table 7) . Bacon from pigs fed CO had a higher incidence (P e .051 of off-flavors than was noted with bacon from pigs from the other treatments. Most of the off-flavors were described as being rancid in nature. No off-flavors were detected in bacon samples from pigs fed HOP.
The lack of effect of treatment on palatability evaluations of broiled loin chops agrees with the results that we and others have previously observed upon feeding diets containing peanuts, CO, or high-oleic-acid sunflower or safflower oils (St. John et al., 1987; West and Myer, 1987; Miller et al., 1900; . However, Miller et al. (1990) reported that chops from pigs fed CO diets had a high incidence of detectable off-flavors. The high incidence of off-flavors that we noted with bacon from pigs receiving the CO treatment agrees with the finding of Shackelford et al. (1990a) . The off-flavors are thought to be linked to a high level of linolenic acid (C18:3) in CO (Rhee et al., 1988a; Miller et al., 1990 ; Shackelford et al., 1990a) . The lack of a n effect of feeding HOP diets on subsequent palatability and acceptability of bacon also agrees with the findings of Shackelford et al. (1990a) in trials using high-oleic-acid s u n flower and safflower oils. However, Shackelford et al. (1990a) noted a decrease in bacon crispiness from the high-oleic sunflower and safflower oil treatments that we did not observe upon feeding bScores: 1 to 8 scale with the trait increasing with an increase in score for flavor intensity, and decreasing with a n increase in score for saltiness.
CScores: 1 to 6 with the trait increasing with an increase in score for crispiness, and decreasing with a n increase in score for oiliness.
dPercentage of samples with any off-flavors. e*fMeans in the same row with a different superscript differ IP c ,051. gMeans do not differ (P > .lo).
HOP. The reason(s1 for this disagreement idare) not known but may be related to the method of bacon preparation (pan frying vs microwaving) or to the level of residual polyunsaturated fatty acids in the oils (8 to 15% vs 4%). The feeding of oil from HOP resulted in an increased level of total unsaturated fatty acids in the carcass fat without an increase in the level of polyunsaturated fatty acids, and with only a minimal effect on increasing the "softness" of the carcass fat. The inclusion of this oil source in the diet also resulted in no detectable effects on various carcass and meat quality characteristics.
Implications
The inclusion of vegetable oils high in monounsaturated fatty acids and low in polyunsaturated fatty acids, such as the oil in high-oleic-acid peanuts, may offer a means to increase the level of unsaturated fatty acids in pork fat with little or no undesirable side effects on carcass and meat quality characteristics.
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